Background Data: Previous studies have suggested a variety of factors that may affect the false negative (FN) rate for sentinel lymph node (SLN) biopsy in breast cancer. Because FN results are relatively rare, no prior studies have had sufficient sample size to allow detailed statistical analysis of factors predicting FN results. Methods: Patients with clinical stage T1-2, N0 invasive breast cancer were enrolled in a prospective, multicenter study. All patients underwent SLN biopsy, followed by planned completion axillary dissection regardless of the SLN results, to assess the FN rate. SLN biopsy was performed using radioactive colloid injection in combination with isosulfan blue dye in 94% of cases. Dermal, subdermal, peritumoral, or subareolar radioactive colloid injection techniques were used at the discretion of each institution. Univariate and multivariate analyses were performed to identify factors associated with a FN result. Results: SLNs were identified in 3870 of 4117 patients (94%). There were 1243 true positive, 2521 true negative, and 106 FN results. Age, histologic subtype, the number of non-SLN removed, tumor palpability, type of breast biopsy, and SLN injection technique were not significant factors. On multivariate analysis, tumor size Ͻ2.5 cm, upper outer quadrant tumor location, removal of only a single SLN, minimal surgeon experience, presence of a single positive axillary LN, and use of immunohistochemistry (IHC) for SLN analysis were independently associated with an increased risk of FN results.
tients who were found to have T3 tumors on final pathology were also included in this analysis.
SLN biopsy was performed using isosulfan blue dye alone, radioactive colloid alone, or both agents in combination at the discretion of the operating surgeon as described previously. 2 Preoperative radioactive colloid injections were performed with 0.5-mCi technetium sulfur colloid in the peritumoral, dermal, subdermal, periareolar or subareolar locations. Preoperative lymphoscintigraphy (nuclear medicine scanning) was optional. At the time of surgery, 5 mL of isosulfan blue was injected peritumorally in the majority of cases (94%).
All patients underwent attempted SLN biopsy followed by completion level I/II axillary lymph node dissection. Removal of nonaxillary nodes (eg, internal mammary nodes) was not required as part of the study. SLN were examined histologically by hematoxylin and eosin (H&E)-stained sections at no greater than 2-mm intervals. Evaluation of the SLN by cytokeratin immunohistochemistry (IHC) was not required as part of the standard protocol but was performed at each institution's discretion. Nonsentinel axillary lymph nodes were subjected to routine H&E examination. We categorized the results as FN, true positive (TP), or true negative (TN). Statistical comparison was performed using FN and TP results as the response variable and the following explanatory variables: surgeon case number (ordered chronologically), age, size of invasive cancer, tumor palpability, histologic subtype, biopsy type, surgery type, tumor location, number of SLNs removed, number of positive SLNs, use of IHC and injection type. The FN rate was calculated as the number of FN results Ϭ (number of TP ϩ the number of FN). 3 Statistical analysis was performed by univariate 2 tests and multivariate logistic regression for odds ratios to identify independent factors predicting FN results compared with TP results. Significance was determined at a P Ͻ 0.05.
RESULTS
A total of 4116 patients were entered into the study. The SLN was identified in 3869 (94%) of these patients. There were 1243 TP, 2520 TN, and 106 FN results.
The age distribution of this study is shown in Table 1 . There was an even distribution of nodal positivity across all age groups, except in the small group of patients less than 30 years of age. Age was not a significant predictor of FN results, with an even distribution of FN, TN, and TP results in this study ( Fig. 1) . Similarly, comparisons of histologic subtype (infiltrating ductal versus infiltrating lobular versus other), palpable tumors versus nonpalpable tumors, breastbiopsy technique or definitive surgical technique (lumpec- tomy versus mastectomy), or injection method did not demonstrate any statistically significant differences in FN rates (Table 1) .
A significant difference in FN rate was observed for tumors in the upper outer quadrant (UOQ) of the breast, with nearly a 2-fold increase in FN rate compared with lesions located in other locations (P ϭ 0.0007; Table 2 ). The FN rate was also demonstrated to be significantly greater in smaller tumors (T1) compared with larger tumors (Table 2) . When size was treated as a continuous variable, tumors less than 2.5 cm also were associated with a higher FN rate compared with larger tumors (P ϭ 0.0076). The 2.5-cm size was determined based on the distribution of FN results across all tumor sizes as the most significant cut point. A scatter plot of tumor size with FN, TP, and TN results is shown in Figure 2 . A 2-fold increase in FN rate was also seen in patients who had only 1 SLN removed compared with patients who had 2 or more SLNs removed (P Ͻ 0.0001; Table 2 , Fig. 3 ). The FN rate varied inversely with the number of SLNs removed, with a FN rate of 4.2% of patients who had Ͼ2 SLNs removed ( Table 2 , Fig. 2 ). An evaluation of the number of cases performed by individual surgeons (case number) was also found to be predictive of a higher FN rate among surgeons performing Ͻ4 cases compared with Ն4 cases (P ϭ 0.02; Table 2 ). There was a steady reduction in FN rate with increasing case number ( Fig. 4 ). Univariate and multivariate analyses utilizing other cutoffs for surgeon case number (5, 10, 15, or 20 cases) were also statistically significant on both univariate and multivariate analyses.
A multivariate logistic regression model confirmed that tumor size, tumor location, the number of SLNs removed, the number of positive lymph nodes, surgeon case number, and the use of IHC for SLN analysis were all independent factors predicting FN results ( Table 3 ).
DISCUSSION
Despite refinements in injection techniques that have led to near 100% SLN identification in some studies, 1, 4, 5 variable FN rates have raised concern about the staging accuracy of this procedure. As with most diagnostic tests, SLN biopsy is not 100% sensitive: it does not infallibly detect nodal metastasis. There is a tradeoff between a less invasive, less morbid staging procedure and the possibility of a FN result. Therefore, it is of considerable interest to identify factors that might minimize the incidence of FN results and improve the overall staging accuracy of SLN biopsy.
To assess the FN rate, studies must have been designed (as in the present study) such that all patients underwent SLN biopsy followed by planned completion axillary dissection, regardless of the SLN result. Such studies have become uncommon in the past few years because most centers have adopted SLN biopsy without automatically performing backup axillary dissection. Because FN results are relatively rare, few studies have been able to perform meaningful statistical analyses of factors predicting FN results. As the present study is by far the largest such multi-institutional study to assess FN results, this provides a unique opportunity to evaluate factors that are independently associated with inaccurate SLN results. We have identified 5 key factors that can be considered preoperatively or intraoperatively that put a patient at risk for a FN result: small tumor size, UOQ tumor location, minimal surgeon experience, and removal of only a single SLN. Use of IHC for SLN analysis is a postoperative consideration that is associated with a higher risk of FN results. Patients having a single positive axillary LN are also at somewhat greater risk for a FN result, although this consideration cannot be assessed prior to surgical intervention. Of these, small tumor size, use of IHC, and a single positive axillary node represent novel findings not reported in other studies. UOQ tumor location 6 and surgeon experience 2, 7, 8 and the number of SLNs removed 9 -12 have been suggested in other studies.
Previous smaller studies have suggested other factors that might be associated with FN results that were not confirmed in the present study. It has been suggested that older patients may have a higher FN rate. 8, 13 In our study, there was no significant impact of patient age on the FN rate. Others have suggested that excisional biopsy is associated with worse SLN results compared with patients who have had a needle biopsy. 14 -19 Our results do not support any association with biopsy technique and FN results, indicating that SLN biopsy is equally accurate in patients who have undergone needle or excisional biopsy. Others have suggested that more positive nodes, or increased tumor burden within the axilla, results in a higher FN rate. 8,20 -24 This is based on the supposition that, in some cases, tumor in the lymph nodes can obstruct the normal lymphatic drainage and result in inaccurate SLN results. This has led to the suggestion that palpation of the axillary nodes should always be performed to identify any abnormal nodes that may be replaced with tumor. While this is a prudent suggestion, the data from the present study and from a previous analysis 25 do not support the notion that more positive axillary nodes are associated with an increased FN rate. In fact, the present study suggests the opposite. Although it is possible that, in our study, some surgeons removed palpably suspicious nodes that were neither blue nor radioactive, a previous analysis indicated that nearly all positive SLNs contained either blue dye or radioactivity in excess of 10% of the radioactive count of the most radioactive, or "hottest," SLN. 26 The results of the present study strengthen the previous demonstration that the removal of greater than 1 SLN significantly reduces the FN rate. 9 -12 It has been well established that lymphatic draining patterns may occur with multiple lymphatic channels, leading to more than 1 SLN in the axilla. The results of the present study confirm that the number of SLNs removed is a powerful independent predictor of FN results. While it is often straightforward to identify the first SLN, which typically is located in level I of the axilla, the results of the present study and others suggest that a diligent search for additional SLN will result in more accurate nodal staging.
Others have suggested that the FN rate may be higher for larger tumors (T2 and T3) compared with T2 tumors. 20, 27 Others have refuted this idea. 28 -31 The present analysis indicates that, rather than in larger tumors, the FN rate is greater among patients with tumors Ͻ2.5 cm in size. This may reflect the fact that the number of positive nodes increases directly with increasing tumor size and that it may be more likely to identify a positive SLN in an axilla that harbors multiple positive nodes. Alternatively, this may suggest that accurate injection of radioactive colloid and blue dye in the region of the tumor may be more challenging for small, nonpalpable tumors. This seems less likely, given the growing belief that the entire breast may drain via the same few lymphatic channels to the axilla and that injection location may be of little importance. 5, 32, 33 In an earlier analysis with fewer patients, we reported that the FN rate was decreased among patients who underwent dual-agent (blue dye plus radioactive colloid) injection as compared with blue dye alone. 34 This finding has been supported by others. [35] [36] [37] [38] While the use of blue dye alone is We have previously found that dermal or subareolar radioactive colloid injection techniques result in close to 100% SLN identification. 5, 39 Others have stated that FN results ultimately have little to do with the injection technique or preoperative clinical factors but ultimately rest with a determined pathologic evaluation. Others have previously reported that detailed IHC analysis can reduce the FN rate. 40 -42 However, the present multi-institutional study strongly indicates that cytokeratin IHC analysis of SLN offers no advantage in terms of reducing the FN rate; in fact, the FN rate was significantly greater among patients who underwent IHC analysis. The reasons for this are unclear and certainly not intuitive. It may reflect the variability of interpretation of cytokeratin IHC stains of the SLN in a multi-institutional setting of largely community hospitals, as opposed to single large-volume centers at which IHC analysis has been studied intensively. IHC analysis has become quite controversial, especially given the high percentage of patients with pure ductal carcinoma in situ who are found to have cytokeratin-positive SLN (12%, 43 13%, 44 and 23% 45 ), a disease which historically is associated with a minimal risk of axillary nodal metastases. 46 Routine cytokeratin IHC for SLN evaluation is not recommended by the College of American Pathology. 47 The clinical significance of IHC-detected micrometastases is the subject of 2 large national studies, the National Breast and Bowel Project (NSABP) B-32 study and the American College of Surgeons Oncology Group (ACOSOG) Z11 study. Until or unless the results of these studies indicate that IHC analysis of SLN provides clinically significant information, routine IHC analysis of SLNs should not be performed.
Interestingly, even with concern over FN SLN biopsy results, there have been few reports of axillary lymph node recurrences in patients with negative SLN who did not undergo completion axillary dissection. 48, 49 While this may suggest that FN results are very uncommon in experienced centers, it also may simply reflect the possibility that persistent axillary nodal metastasis may take many years to become clinically apparent and that longer follow-up is needed. Others have suggested that FN results have little impact on patient therapy and outcome. 50 However, if we rely on SLN biopsy as an alternative to axillary dissection, it is important to do everything possible to assure the accuracy of the procedure.
Surgeon experience has been shown to be perhaps the most important factor in reducing FN results. In the present study, the FN rates was 11.6% and 7.0% for surgeons who performed Ͻ4 or Ն4 cases, respectively. Tafra et al 8 suggested, based on their multi-institutional study of SLN biopsy, that surgeons should perform 30 cases to reduce the FN rate. In a previous analysis of 2148 patients, we determined that the FN rates for surgeons who performed Ն20 cases had a substantial improvement in FN rate to well within the Ͻ5% range that is usually considered acceptable. 2 In the present study, it appears that significant improvement in FN rate occurs after as little as 3 cases have been performed. This updated analysis from a large patient database likely reflects improvements in injection techniques and overall experience of the multidisciplinary teams (surgeons, nuclear medicine, and pathology) at many institutions that has allowed surgeons to perform SLN biopsy accurately with less than 20 to 30 case experiences.
Consideration of combinations of factors identified in this analysis results in significant reduction of the FN rate, even for the more difficult cases of UOQ tumors, tumors Ͻ2.5 cm, or patients with a single positive axillary node. For example, if the surgeon had performed 4 or more cases, removed more than 1 SLN, and did not use IHC for SLN analysis, the FN rates would be 3.1% overall, 1.1% for UOQ tumors, 3.4% for tumors Ͻ2.5 cm, and 5.2% for patients with a single positive axillary node.
In conclusion, we have identified a number of factors in this large multi-institutional study that predict a greater risk of FN results. Surgeon experience, tumor size, and tumor location should be considered preoperatively when counseling patients regarding the relative benefit of a minimally invasive staging procedure versus the risk of inaccurate nodal staging. The number of SLNs removed is an intraoperative factor that can reduce the risk of a FN result. Use of IHC for SLN evaluation is an important postoperative consideration. Michael Edwards, are to be congratulated for conducting a study that has community practitioners as its primary participants. This surgical study is somewhat unique in this regard and, consequently, the data generated become even more important since the majority of breast-cancer patients are taken care of in the private environment. The study also provides the much-needed quality control of the procedure for all of the participants. All surgeons who participated should be congratulated for allowing their results to be scrutinized, and this study can be used as a model for community hospital participation in the National Surgical Quality Improvement Program initiated by the Veterans Administration System and now being extended into the private sector through the auspices of the American College of Surgeons.
I will focus on only 1 significant factor identified by the investigators. Several studies, including one of ours, have shown that the "hottest" sentinel node is not always the positive one. Therefore, diligence in identifying all either hot or blue nodes must be the rule. This can be time consuming and somewhat frustrating but must not be ignored if the proper staging of the axilla is to be done. In my experience, an axillary dissection is sometimes quicker than a thorough search for nodes that meet the criteria for being sentinel. And those in the audience who do the procedure are smiling and snickering, because they know this to be true.
Dr. Martin, you found factors related to a high falsenegative rate were number of sentinel nodes identified, upper outer quadrant location, and surgeon experience. Consequently, a question leaps out of the study to me from those 3 factors. Are you now recommending that a surgeon with minimal experience who finds a single negative sentinel node in a patient with an upper outer quadrant lesion do an axillary dissection? If so, define "minimal experience" since you indicate that a reasonable success rate can be expected with as few as 4 sentinel node procedures under your belt.
DR. MARSHALL M. URIST (BIRMINGHAM, ALABAMA): Drs. Martin, McMasters, and their colleagues have presented im-portant information on a major obstacle to sentinel lymphnode biopsy for breast cancer, namely, the risk of a falsepositive report. Their analysis is derived from a database developed to assist surgeons in their efforts to learn a technique and to verify their newly acquired skills. It is very commendable. The design of the study facilitated surgeon participation and therefore provided a large number of patients for this analysis, but the nonuniformity of the procedures has limited the scope of their conclusions.
Overall, the results show that sentinel lymph node biopsy is a very accurate and reproducible procedure with a low incidence of false negatives. Several factors were found to be associated with the risk of finding a false-negative sentinel lymph node: surgeon experience, tumor size and location, number of sentinel lymph nodes removed. These results are in concordance with some previous reports and in conflict with others. As with all excellent studies, it provides a number of questions:
The risk of a false-negative biopsy was reduced by removal of more than 1 sentinel lymph node. Irrespective of when or where or by what technique the biopsy is performed, do you recommend removal of additional lymph nodes when only 1 radioactive or blue lymph node is found? If so, which ones, and how many?
Tumors in the upper outer quadrant had a higher falsenegative rate. Could this have been related to the site of injection of the radioisotope? A peritumoral injection in the upper outer quadrant may mask the detection of a sentinel node in the tail of the breast or in the low axilla. I would also like to ask whether or not any positive nodes were found in intramammary nodes.
The results of immunohistochemistry are not logical, and the technique was not applied to the entire patient population. Since most centers do not use this technique, why have you included it in your analysis today?
In the final analysis, the most important question is whether or not any patients would have been harmed by a false-negative biopsy. Resection of a low number of axillary lymph nodes has not been shown to result in a reduction of overall survival in breast-cancer patients. A false-negative sentinel lymph node biopsy does potentially have an adverse effect on survival in the case where it prevents a patient from receiving systemic adjuvant therapy. How many patients with a false-negative node would have received additional therapy if this node metastasis had been detected? I suspect that it is a very low number. Basically, if a patient has the tumor metastatic to a nodal group and the afferent lymphatics carry volumes of tumor cells, which obstruct the efferent lymphatics, you often see a node in which same is not hot and it is not blue. These are often obviously replaced with tumor.
Sometimes it does not light up with radioactivity at all. Therefore, my question focuses upon the issue if you looked at tumor burden in the axilla and, specifically, extracapsular invasion of that nodal group because that is clearly an indication where you truly will get a false-negative nodal evaluation. And once you do an axillary dissection where the rest of them find those nodes, you clearly are going to find that 1 or 2 or 3 of those are positive and often a node replaced with significant volume of tumor.
The second question I have relates to the upper outer quadrant lesion. Would you expand on that and how you manage this? There is a way to do this that we often utilize with 1 incision, but there has got to be adequate exposure to approach the axilla. We always do a subareolar or periareolar injection rather than a paratumoral injection in all lesions in the upper outer quadrant.
DR. KELLY K. HUNT (HOUSTON, TEXAS): I would also like to congratulate the group at the University of Louisville for the work that they have done with this large database. They have contributed significantly to understanding the success of sentinel lymph-node surgery for breast cancer but now have raised a number of questions in what to do to reduce the false-negative rate. Although the false-negative rate appears to be relatively low in a large number of patients, many of the patients in this series had negative nodes, and so the overall incidence is relatively low.
I had the opportunity to review the manuscript prior to the meeting, so I have a couple of questions for the authors. One is similar to Dr. Bland's comment in that what methods could you use or could you suggest surgeons use in order to improve visibility of the sentinel nodes when you have an upper outer quadrant tumor? Is this the type of case where surgeons should definitely use 2 methods for identifying the sentinel node? You suggested that only 1 method, such as radioisotope, is effective. But perhaps in the upper outer quadrant, blue dye and radioisotopes should be used to reduce the incidence of leaving behind some of the sentinel nodes.
The authors have previously stated in some of their work that lymphoscintigraphy is not useful in sentinel lymph node surgery and should not be performed. But perhaps for upper outer quadrant tumors this is a case where lymphoscintigraphy would be useful, because it often gives us the number of hot spots in the axilla and that can help guide the surgeon to understand how many nodes they need to identify before they can feel secure that they have adequately completed the procedure.
We have used the technique of injecting a higher dose of radioisotope the day prior to surgery so that, based on the half-life of the isotope, the sentinel nodes still have the same amount of radioactivity in them the following day as they would if isotope was injected on the morning of surgery with a lower dose. And we have examined the lymphoscintigraphy the day of the injection and delayed lymphoscintigraphy and find the same number of sentinel lymph nodes using this technique. So I suggest that this might be of use and would like to hear the authors' comments. With the results of the IHC in mind, do you think that many pathologists may use IHC as a crutch instead of actually an additional tool in sentinel lymph-node identification? What I am suggesting is that perhaps they just do an IHC and they don't do serial sectioning of the paraffin blocks. You stated that the nodes were sectioned at 2-mm intervals. But were the paraffin blocks actually serial sectioned? If so, how many serial sections were performed on each of the blocks? So perhaps the pathologists were doing one quick IHC, and if they didn't see anything there they weren't evaluating further. So more detailed examination of the sentinel node might reveal that some of these were actually node positive.
Finally, when the surgeon has limited experience with breast-cancer cases in their practice, what would you suggest that they do for sentinel lymph-node surgery? Do you think 4 cases is enough if all the nodes are negative for T-1 earlystage breast-cancer patients? Or do they need to continue to perform the procedure until they have a certain number of patients who actually have positive nodes identified in the sentinel lymph node? DR. KELLY M. MCMASTERS (LOUISVILLE, KENTUCKY): Dr. Copeland asked whether a surgeon with minimal experience who finds a single negative sentinel lymph node in a patient with an upper outer quadrant tumor should perform an axillary dissection. My answer would be that if the surgeon has minimal experience, he should do an axillary dissection anyway because we do recommend that a certain amount of surgeon experience is probably necessary before you can quit doing axillary dissection. Exactly how many cases that requires is subject to interpretation. You can see from the numbers that, as surgeon experience increases from 4 cases to 10 cases to 15 cases or more, 15 to 20 cases appears to be adequate to get a false-negative rate in the 5% or lower range, in our experience. Yet the false-negative rate drops off significantly after 4 cases.
Dr. Urist asked about the timing of lymphoscintigraphy and the number of radioactive sentinel nodes. We previously have analyzed our data and have not found that the timing of the injection of radioactive colloid made a big difference in Annals of Surgery • Volume 241, Number 6, June 2005 Clinicopathologic Factors and False-Negative Node Biopsy the number of lymph nodes removed, the ability to find the lymph nodes, and the false-negative rate. Another question Dr. Urist asked was if a surgeon only finds a single sentinel node in the axilla, irrespective of the type of procedure or injection that the patient had, should an additional nonsentinel lymph node be removed or should we remove some other lymph nodes? And my answer is that we have previously described the 10% rule for both breast cancer and in our large sentinel lymph-node study in melanoma, the Sunbelt Melanoma Trial. I think that adequately gives you guidelines, very practical guidelines, to know when to stop removing sentinel nodes. This rule states that any lymph node that is blue, any node that is the hottest (most radioactive) lymph node, any lymph node that is 10% or greater of the radioactive count of the hottest lymph node, and any node that is palpably enlarged should be removed. If you do that, you will reduce the false-negative rate significantly to a very low rate. Even if you do this, sometimes there is just a single sentinel node. But I think that if you diligently search, make sure the background radioactivity is very low, ͓that you͔have no blue or palpable nodes, you have done an adequate sentinel lymph node biopsy. We can't always make a second sentinel node. After you have removed 4 sentinel nodes, our data would suggest you are not going to get a lot of yield for finding additional positive sentinel nodes.
Upper outer quadrant tumors Dr. Urist and others have commented upon as associated with an increased false-negative rate: It is especially a problematic area when you do a peritumoral injection because you now inject 6 or 8 ccs of radioactive colloid in the upper outer quadrant of the breast, which diffuses like plutonium throughout that area. Trying to find a mildly radioactive lymph node in the axilla next door to this high background can be very difficult. Other injection techniques are definitely preferable in terms of identification of sentinel nodes, such as subareolar injection or dermal injection of the radioactive tracer; this will help you find those sentinel nodes.
We did not capture data on intramammary lymph nodes in the database. Although there were some identified, I can't tell you any specific data about intramammary lymph nodes.
Dr. Urist asked why we included immunohistochemistry in our analysis. It turns out a lot of people did use immunohistochemistry in the study. And around the country people continue to use cytokeratin immunohistochemical stains for sentinel node analysis despite recommendations from the College of American Pathology, the American College of Surgeons, and others that we shouldn't do so until we know the clinical significance of micrometastases detected by immunohistochemical stains. Nevertheless, there has been an argument in the literature and several publications that suggests that immunostains will allow us to find small micrometastases and will reduce the false-negative rate. I can't explain why immunohistochemistry in this study significantly increased the false negative rate. But the data are the data. It is the largest study available to look at. And it is pretty compelling to say that there is no real value here for immunostains to reduce the false-negative rate, at least in a broad experience of community surgeons in different hospitals across the United States. Maybe it is different in specialized centers.
Would anybody be harmed by having a false-negative result? Dr. Urist asked a very good question. Others have suggested that very few patients would be harmed by a false-negative result. But an example would be the first patient on whom I performed sentinel node biopsy and didn't complete the axillary dissection: 38 years old, 8-mm welldifferentiated cancer; she had 3 positive sentinel nodes. Had I missed those, she would have gotten no chemotherapy. Since I found them, she got very aggressive chemotherapy. For patients with T1a and T1b tumors, a false-negative result probably makes the biggest difference.
Dr. Bland asked whether a patient who has metastatic tumor to a lymph node and obstruction of lymphatic channels will have alteration in the ability to find the sentinel node and be accurate with it. It has been postulated that that is true, and I think we have all seen cases like that.
The way we could look at tumor burden in the lymph node in the present study was by the number of positive nodes. We didn't really have data on the size of the lymph nodes or extracapsular extension to be able to analyze it that way. But when we look at the number of positive nodes, it is not significant. It is likely that there are some cases like that, however, where there is obstruction of the lymphatic channels and lymph nodes by tumor.
Upper outer quadrant tumors: We have talked about how to manage those. Subareolar or intradermal injection help with sentinel-node identification.
Lymphoscintigraphy we have not found in a previous analysis and in an updated analysis to be helpful in finding the sentinel nodes or in reducing the false-negative rate. Dr. Hunt uses a technique where the patients are injected the day before. Does that improve things? We have not found timing of injection to be a significant factor in our study. I look forward to seeing results from others.
My recommendation about IHC is that you do not perform it, very simply. It may be a crutch for pathologists who are too lazy to look at multiple sections of H&E-stained sentinel nodes. All I can say is that my recommendation would be multiple sections from the lymph node-how many exactly is open to interpretation-but good pathologists looking at H&E sections of the lymph nodes is all that is required.
What do I recommend for number of cases a surgeon should perform? Again, I think that 4 cases are probably not enough if you look at our data. But the previous recommendation of 30 cases before you abandon axillary dissection is probably too high. It was reduced to 20 cases based on a previous analysis, and I think we can reduce it down further to 10 to 15 cases. And as surgeons and institutions have gotten better at this, injection techniques have gotten better, it is now possible to identify the sentinel nodes 100% of the time. Those of us who do this a lot never fail to find the sentinel nodes. So that hurdle has been overcome. Now the issue is reducing the false-negative rate. And I think this paper helps us to identify some of the factors that go into making a false-negative result.
